Male and female weanling rats were fed ad libitum for 28 days on purified diets with metabolizable energy levels of 8'0, 9'5, 11·0 or 12·5 MJ/kg and protein:energy ratios of 1:1, 1'33:1, 1,67:1 or 2:1 %:MJ/kg at each energy level. Major nutrients were balanced in proportion to energy and protein. The following parameters were measured: food intake, bodyweight, body length, abdominal fat, liver and kidney weights. Increasing dietary energy level reduced food intake but the reduction was not sufficient to prevent an increase in energy intake. This was reflected by increases in bodyweight, body length, abdominal fat, and relative liver and kidney weights, especially in male rats. Higher energy intake increased weight gain and food conversion efficiency to a greater extent than higher protein intake. The response to protein intake at different energy levels was not consistent. There was no common protein:energy ratio for overall good performance. It is concluded that rat growth and other features can be controlled by the alteration of dietary energy and protein levels.
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There is growing concern that diets fed to laboratory animals in toxicological studies may adversely influence the results and interpretation of such studies. Roe (1983) has pointed out that this is an especially important consideration in long-term studies designed to investigate carcinogenicity, where rapid growth rates and obesity are associated with reduced longevity and an increase in the background incidence of spontaneous tumours. Tannenbaum (1942) and Ross & Bras (1965) have shown that high energy intakes can increase spontaneous and induced tumours. High protein intakes are associated with increased induced tumours (Topping & Visek, 1976) and while some types of spontaneous tumours are increased others are decreased (Ross & Bras, 1973) .
The rat has been widely used in nutrition research, usually employing diets based on purified, food grade ingredients.
These purified, or semisynthetic, diets are often quite high in protein and Received /3 September /984. Accepted 2 lUlle /985. energy and tested over short time intervals. Routine toxicological studies, on the other hand, are mostly conducted with diets based on cereals and other natural ingredients, often with energy and protein levels which are sufficient to support breeding as well as growth. Clarke et al. (1977) stated that there is little definitive information available on optimum protein to energy ratios for the various experimental and practical objectives and that it is unlikely that a single diet could satisfy these.
There is thus a need for careful reassessment of diets fed to laboratory animals in short-and longterm toxicology studies. As part of a programme to investigate the influence of diet on parameters measured in toxicity studies, 16 combinations of energy and protein were fed to growing rats over a period of 28 days. The diets were based on purified ingredients and the energy and protein levels covered a range defined by practicably achi~vable levels. A second study based on the same design but using cereal-based diets will be reported in a subsequent paper.
Methods Animals 250 male and 250 female Sprague Dawley SPF rats, (Charles River Breeding Laboratories, Manston, Kent, UK), were received at approximately 21 days of age (weight 32-62 g). 15 rats of each sex were taken at random and subjected to quality control post mortem examination.
The remaining animals were ear punched for identification, weighed and housed in groups of 10 in metal cages with grid floors (Kaymar Ltd, Pinxton, Nottingham, UK) in an air-conditioned animal house. They were fed ad libitum for 7 days on a pre-experimental powdered diet with a protein content of 18·3% and an energy level of 11·0 MJ/kg, the major ingredients being casein, maize starch, sucrose and cellulose. Tap water was freely available.
At the end of the pre-experimental period the rats were weighed and their clinical condition checked, before being allocated t~the experimental groups.
Experimental design and diets
The treatments consisted of 16 diets which were combinations of 4 metabolizable energy levels and 4 protein:energy ratios (Table 1) . Each treatment was allocated 8 cages (4 males, 4 females) with 3 rats per cage. There were 4 blocks of cages and a treatment was represented in a block by 1 cage of males and 1 cage of females. Allocation of rats to treatments was arranged so that the initial mean bodyweight in any treatment did not differ from any other by more than 5 g.
Detailed chemical analyses of the main diet ingredients were carried out and included protein, calcium, phosphorus, magnesium, sodium, potassium, fatty acids and amino acids (casein only). The results obtained were used to formulate the experimental diets. Microbial, mycotoxin, and heavy metal contaminations were measured to determine the suitability of these ingredients to be used in the diets.
The formulae of the experimental diets are shown in Table 2 . The high energy and protein levels of some diets were obtained by increasing the amounts of starch and casein at the expense of cellulose. Levels of calcium, phosphorus, magnesium, sodium and potassium were adjusted in proportion to metabolizable level, since the latter was expected to affect food intake. The metabolizable energy values of the ingredients were based on published values. Casein was supplemented with methionine to give 5 g methionine + cystine per 100 g of protein.
Vitamins and minerals were included at levels which covered the requirements of the rat, as specified by the Laboratory Animals Diets Advisory Committee (Clarke et al., 1977) 
Experimental procedures
Experimental diets and tap water were provided ad libitum for the 28 days of the study. Food was supplied from glass jars with non-spill lids, and intake was measured weekly. The rats were weighed individually at the end of each week. They were inspected closely twice a week and all clinical signs recorded. The environmental control was set to give a temperature of 2-l°C, a relative humidity of 50%, and a photoperiod of 12 h. After 28 days half of the rats were killed with halothane for post mortem examination.
Bodyweight, liver and kidney weights were measured. Body length was measured from tip-of-nose to base-of-tail.
Abdominal fat deposits were assessed visually on the fat pad lying along the psoas major muscle using a 5-point scale (0 = least fat, 4 = most fat). The kidneys.
liver. gastrointestinal tract, thoracic contents, thyroid and urinogenitial tract were placed in buffered formalin. All major organs, except the brain and pituitary, were examined for gross pathological features.
Statistical analysis
An analysis of variance was performed on weight gain, food intake, food conversion efficiency (FCE). body length, abdominal fat and organ weights.' Regression analysis was carried out where appropriate.
Results

Diets and food intake
Results of quality control analysis showed that the diets were manufactured satisfactorily and gave values very close to the formulated levels. Microbiological counts were very low « 4 X 10 2 ).
The major influence on food intake was the energy level of the diet and Fig. 1 shows that as the energy level of the diet increased there was a significant (P < 0·001) decrease in the amount of food eaten. Protein:energy ratio, on the other hand, had no significant influence on food intake. the overall average food intakes at the ratios of 1:1, J ·33: 1.
1-67:1 and 2:1 respectively being: 22,4, 23,3,23,1 and 23-8 glrat/day in males, and 19·9,20·3,20·5 and 20·3 glrat/day in females.
When food intake was converted to energy intake, it was apparent that there was a significant (P < 0-001) positive regression of dietary energy level on energy intake (Fig. 2) . Protein:energy ratio did not show this effect. It is noteworthy that male rats increased their intake more than female rats as the energy level of the diet increased.
BodYlVeight
The influences of energy and protein on bodyweight 
Food conversion efficiency
Food conversion efficiency (weight gain/food eaten) exhibited a similar pattern to that of weight gain, there being a significant (P < 0·001) positive relationship with energy intake (Fig. 5 ) in both sexes. Again, a separate pattern of response to protein intake occurred at each energy level (Fig. 6) . which was broadly similar to the bodyweight response. The FeE of males showed a more marked repsonse to energy and protein than that of females.
have been considered in terms of intakes of those nutrients.
There was a significant (P < 0·001) positive relationship between energy intake and weight gain (Fig. 3) , and this was more marked in male rats. Although there was a significant (P < 0·001) positive overall regression of protein intake on weight gain, a separate response pattern could be identified at each dietary energy level (Fig. 4 ). 
Body length
In both sexes body length was increased significantly (P < 0·001) at higher energy levels (Table 3) . and this increase was greater in males than in females. Protein:energy ratio had no significant effect on body length. : 
Abdominal fat
Abdominal fat was significantly (P < 0·001) increased in both sexes as dietary energy level increased but was not significantly affected by protein:energy ratio (Table 4 ). The general condition of the animals as examined post mortem was good with no treatment-related pathology . Liver and kidney weights The liver and kidney weights recorded post mortem, i.e. the absolute weights, are summarized in Tables  5 and 6 . These organ weights expressed on a relative basis (organ weight/IOO g bodyweight) appear in Tables 7 and 8 . Absolute liver and kidney weights (Tables 5 and  Table 4 . The effects of dietary energy Icvcl and protein: On a relative basis liver and kidney weights of males increased significantly with protein:energy ratio (P < 0·001), and dietary energy level (P < 0·001 for liver, 'P < 0·05 for kidney). In females there was no significant effect of energy or protein on relative organ weights (Tables 7 and 8 ).
Discussion
The results of this study confirm that it is feasible to manipulate rat growth over 28 days by altering dietary energy and protein levels under ad libilll/ll feeding conditions.
The major effects seen were related to dietary energy level and energy intake.
Dietary energy level had a large effect on food intake in both sexes: as energy level increased the rats ate less, in an apparent attempt to control their energy intake. However. when energy intakes were examined it was clear that raising the concentration of energy in the diet resulted in an increase in energy intake. Adolf (1947) demonstrated that when offered complete diets diluted with cellulose or kaolin male rats increased their food intakes in 
order to maintain their nutrient intakes. Provided the dilution was not excessive they appeared to achieve a more or less constant intake of nutrients. Hervey (1969) presented simlar data when a standard laboratory diet was either diluted with an inert filler or the energy content raised by adding suet to the complete diet. He reported that the female rats used adjusted their food intakes to give a constant intake of energy. Peterson and Baumgardt (1971a and b) showed that digestible energy intakes of male and female rats varied according to the filler used and the bulk density of the final diet mixture, the ability of the growing rat to compensate being lost beyond about 40% dilution of the original diet. It appears, therefore, that within a range of energy concentrations achieved by a dilution technique, the rat may be able to achieve a fairly consistent level of digestible or metabolizable energy intake. In our experiments, where metabolizable energy levels were adjusted by reformulation of each individual diet, the rats did not adjust their energy intakes with any precision, the males being less successful than the females. This suggests that the food and energy intake responses of the rat may differ between formulated and diluted diets, the rat in some way differentiating between the diet and the inert filler in the latter case. Indeed, our data compare very well with the data on laying hens reported by Morris (1968) . Metabolizable energy intake was the major influence on weight gain, food conversion efficiency and abdominal fat deposits. This is in agreement with
Edwards, Porter & Dean
Lopez & Garcia (1983) and Ford & Ward (1983) who found dietary energy level to have a predominant influence on food intake and weight over various diets based on natural ingredients. All diets tested here provided sufficient protein to allow healthy growth and the response of different ratios of protein to energy was fairly small.
Although there was a significant general effect of protein intake on weight gain and FCE, the pattern of response was complex. There was no single ratio which maximized efficiency at all levels of energy and, although responses to protein:energy ratio could be seen at each energy level, the differences were not clear-cut, especially in the females.
Interpretation of changes in organ weights has to be approached with care, particularly when coupled with bodyweight changes (Stevens, J976; Feron, de Groot, Spanjers & Til, 1973). Widdowson & McCance (1956) and Scharer (1977) noted reduced liver weights following restricted feeding of male rats. Feron et al. (1973) produced reductions in absolute liver and kidney weights of male and female rats after 4 weeks ad libitum feeding of a diet diluted with various proportion of cellulose. When expressed on a relative basis significant reductions were still apparent in males in both liver and kidney, but not at all levels of bodyweight. Females only showed reductions in relative kidney weight. Our results are in broad agreement with these published data, with the lower energy diets, which produced slower growth, producing lower liver and kidney weights.
In general the response of males and females to energy and protein followed a similar pattern but the males exhibited a greater magnitude of response. It has been shown before (Nance, Young, Bromely & Gorski, 1977) that male rats exhibit less precise control of food intake, energy intake and bodyweight than female rats, and that this difference may be controlled by the hypothalamus.
